This study is an original application of the log inversion methods on logging-while-drilling (LWD) measurements to clay mineral estimation in an unusual geologic setting: the Barbados accretionary prism. LWD was used for the first time by the Ocean Drilling Program during Leg 156 at Sites 947 (Hole 947A) and 948 (Hole 948A). At Site 948 the décollement zone was logged and cored. Hole 948C, located close to Hole 948A, was cored and logged with open-hole (conventional) logging tools. A model of the main mineralogical components identified at Hole 948C has been obtained from the inversion of LWD data from Hole 948A, using a methodology that is commonly applied on conventional logs. Density (RHOB), photoelectric factor (PEF), neutron porosity (TNPH), spectral natural gamma ray (SGR), and the spectral natural gamma ray Th/K ratio (Th/K) LWD data were used in the inversion. Hole 948C core sample analyses indicative of a clay-dominated "complex lithology" have been used to constrain the model and to test the quality of the results obtained. The inversion of log data provides a good approximation to the actual mineralogy, and the relative abundance of clay, and the main clay types. The deviation observed between the model and Hole 948C sample analyses results can be mostly explained by the presence of minerals not included in the inversion model. The porosity values calculated are close to shipboard "bulk water content" values. This model shows that the application of conventional log inversion techniques on a limited set of LWD data to quantitatively estimate trends in mineralogical changes can yield satisfactory results. The inversion model gives a good approach to the results obtained from X-ray diffraction for Hole 948C Units II and III sediments (420−580 mbsf) and constitutes the first inversion model for the composition of sediments obtained from the first LWD data of the Barbados accretionary prism. LWD data can be used to model mineralogical composition and porosity.
INTRODUCTION
Logging-while-drilling (LWD) data are the most complete record of the physical properties and the geology of Ocean Drilling Program (ODP) Leg 156 (northern Barbados Ridge accretionary prism) Sites 947 and 948 (Fig. 1) . The northern Barbados Ridge accretionary prism is a convergent margin that is actively accreting oceanic pelagic/hemipelagic sediments (Moore et al., 1995) , and it has been intensively studied by drilling during previous Deep Sea Drilling Project (DSDP) and ODP Legs 78 and 110, respectively Moore et al., 1988) . The most striking feature recorded by Leg 156 logs is the décollement, the boundary between the accretionary prism sediments and the underthrusting plate, that was successfully cored and logged at Site 948 . At Hole 948C hemipelagic clayey sediments from Unit II and Unit III were cored between 420.8 and 592.72 mbsf in the décollement zone. Lower to middle Miocene claystone underlain by lower Miocene and upper Oligocene variegated claystone with muddy turbidites and redeposited chalk were recovered .
Clay mineralogical changes are relevant to the study of the décolle-ment zone, as has been stated in previous studies in the area Moore et al., 1988 ; Underwood and Deng, Chapter 1, this volume). The focus of this work has been to test the possibility of modeling the mineralogies recovered on cores at Hole 948C from LWD data, by using a conventional log inversion methodology as commonly applied on open-hole logs. Our results provide a mineralogy-porosity inversion model for the mineralogies encountered in the décolle-ment zone.
The study has involved both sample analysis and log analysis. From Site 948 both core sample analyses (Hole 948C; Subunits IIA through IIF; Subunits IIIA and IIIB) and continuous LWD data (Hole 948A) have been used .
Inversion of mixed mineralogies is one of the most complex studies that can be undertaken from the analysis of logging data. Because log response accounts for both sediment composition and fluids, in addition to the estimation of mineral components, porosity has to be included as part of the system. The results obtained from the inversion of LWD data indicate that even in this case, which can be qualified as being of extreme complexity from the point of view of the log analysis, it is possible to obtain a good approximation to the actual composition of the sediments by inversion techniques. Our model could be constrained and calibrated to sample data. Our modeling results are to a great extent comparable and compatible with the laboratory analyses available. Besides this, the sources of misfit can also be constrained and explained by the presence of components that are not included in the model, given the limited set of log measurements and also by the log data quality.
LOGGING DATA
Schlumberger CDR (Compensated Dual Resistivity) and CDN (Compensated Density Neutron) (Schlumberger, 1992) tools were used to acquire LWD data at Sites 947 and 948 during Leg 156. The principles of these tools and further details on the acquisition are described in Shipboard Scientific Party (1995) . The set of LWD measurements obtained includes density (RHOB), photoelectric factor (PEF), neutron porosity (TNPH), spectral natural gamma ray (SGR, CGR, Th, U, K), deep (ATR) and shallow resistivity (PSR), and the rate of penetration (ROPE). LWD results in overall good data quality according to data quality control report (LDEO, unpubl. data), performed at Lamont-Doherty Earth Observatory by the Borehole Research Group. Nevertheless, the rate of penetration log (ROPE) indicates that logging speed was too high for accurate natural gamma ray spectral data acquisition and resulted in localized bad readings and low values. LWD data were depth shifted to the seafloor -4950 m for Hole 948A. Open-hole (conventional) logs were also acquired at Hole 948C, but because of tool sticking and the overall bad hole conditions encountered, the quality of the wireline logs is poor. Hole 948C spectral natural gamma-ray (NGT) data were corrected for borehole size and drilling fluid and acoustic data (sonic log) for cycle skipping. Irregular borehole affected most measurements, especially the density log. The open-hole logs are of less quality than the LWD measurements and have not been included in this study.
METHODOLOGY
The approach used for mineralogy inversion from borehole log data is based on the principle that the log responses may be related to the sum of proportions of the mineralogical components considered, each multiplied by the appropriate response coefficients in a system of linear equations that can be solved simultaneously. The equations for each log take the form
where n is the number of components, v i the proportion of component i, c i the log response of component i, and L the log response. Each log provides a single equation. This matrix formulation is a linear model introduced by Savre (1963) and further developed by Burke et al. (1967) . More extensive details on this methodology are given by Doveton (1994) .
This approach provides generally satisfactory results if the main components are known, the appropriate set of logs is available and adequate coefficients are chosen. In our case, the main mineralogical components (n) are known from Hole 948C core sample analyses, the set of LWD "lithology" logs available (L) is limited, and both the coefficients (c) and the proportions of each component (v) are the main unknowns addressed and tested. The coefficients were initially chosen from published standard values or ranges for the components considered. The coefficients have been adjusted within the standard ranges, in accordance with the modeling results obtained, through successive iterations.
A large number of lithological and/or mineralogical components requires a large number of logs. Pore-fluids have been included as one more component in so far as they contribute to the log response. When the number of logs is less than the number of components by one, the equations satisfy the unknowns because of material balance the proportions of the components sum to one. A unique solution is obtained from the appropriate matrix algorithm by a conventional simultaneous equation technique. Further discussion on the theoretical aspects of this approach is given in Doveton and Cable (1979) .
The full set of Hole 948A LWD measurements has been analyzed although only density (RHOB), photoelectric factor (PEF), neutron porosity (TNPH), spectral natural gamma ray (SGR), and the spectral natural gamma-ray Th/K ratio (Th/K) data were quantitatively used in the final inversion.
The inversion of mineral components from log data, including clay mineralogies, required good constraints on the mineralogical components. The constraints for the model come from 3 sets of core analysis results: the results obtained on discrete samples analyzed for texture and composition (Table 1) , clay mineralogy results (for <1- The inversion of mineral components from log data, including clay mineralogies, required good constraints on the mineralogical components. The constraints for the model come from 3 sets of core analysis results: the results obtained on discrete samples analyzed for texture and composition (Table 1) , clay mineralogy results (for <1-µm fraction) obtained by Underwood and Deng (Chapter 1, this volume), and shipboard analyses .
Thirty-eight samples were analyzed for carbonate content, texture, sand fraction composition, and clay mineralogy in order to characterize sediment types, and relative abundance. Carbonate contents were determined using a Bernard calcimeter (Vatan, 1967) and are expressed as weight percent (wt%) CaCO 3 (assuming all carbonate as pure calcite). Sediment texture was determined by settling-tube techniques for the coarse-grained fraction (>50 µm), and Sedigraph 5000D techniques for the silt and clay fractions (<50 µm) (Giro and Maldonado, 1985) . Sand fraction (>63 µm) composition was examined with a binocular microscope to estimate abundance of different components, counting about 250−300 grains per sample.
The clay mineralogy was determined in the fraction <2 µm. This fraction was collected by decantation, and orientated aggregates were made on glass slides. The X-ray diffractograms were made on an untreated sample, a glycolate sample, and a sample heated for 2 hr at 550° C. X-ray diffractograms were obtained with a Siemens d-500 Xray diffractometer. Peaks were scanned from 2θ of 4° to 50°, with a step-scan range of 1.2θ−2.0θ, an angular increment of 0.05/2θ, and counting rate of 3 s/step. Diffractograms were visually interpreted with the aid of a computerized search-and-match routine based on the "Joint Committee on Powder Diffraction Standards" fields (International Centre for Diffraction Data, 1994) .
The clay minerals identified by their characteristic basal-reflection maxima include smectite (001), illite (001), kaolinite (002), and chlorite (004) (Fig. 2) . The two latter minerals are differentiated by the relative intensities; at 3.58° for kaolinite and 3.54° for chlorite reflections in the slow scan situated these peaks are between 24° and 26° (Biscaye, 1964) . The relative proportions of clay minerals were estimated following the methodology proposed by Rius et al. (1989) , a simple standardless method to directly determine calibration constants using only diffracted intensities and calculated phase-absorption coefficients by a least-squares procedure. This quantitative clay analysis has been successfully used to analyze marine sediments (Palanques et al., 1990; Alonso et al., 1996) .
According to the sample analyses results and shipboard mineralogy results , the components to be considered were quartz, plagioclase, carbonate, smectite, illite, chlorite, and kaolinite, which can be regarded as the components of a "complex lithology".
CORE LOG INTEGRATION: RESULTS OF SAMPLE ANALYSES AND CORRELATION WITH LOG RESPONSE
Sample analyses results for mineral composition, texture and clay types are shown in Table 1 . The correspondence between these results and borehole log data was examined by means of a correlation matrix ( Table 2) .
The sample analyses results correspond to core samples from Units I, II, and III as defined in Shipley, Ogawa, Blum, et al. (1995) and are listed in Table 1 
Composition and Texture
The particle-size distributions of selected samples from beneath and above the décollement, the depth interval included in the model, were determined for 36 samples ranging from late Miocene to late Oligocene in age. Composition and texture of samples from Unit II correspond predominantly to fine-grained size: terrigenous clay (usually >90% clay) and terrigenous silty clay (77%−90% clay). Carbonate content is low (3.7%-13%) and its vertical distribution is uniform. Higher carbonate contents are found within Subunit IIB .
Sharp sediment texture changes are recognized within Unit III, and frequent fluctuations in composition and sediment texture occur within Subunit IIIB. Sediments range in composition and texture from most abundant terrigenous mud (30%−50% clay; 17%−49% silt) to terrigenous clay (>85% clay) of low carbonate content (3%), less frequent biogenic mud (67% clay, 32% silt), and biogenic sandy silt (60%−72% silt; 23% sand) with a relatively high carbonate content (30%−35%). Carbonate content within Subunit IIIB is locally high, and vertical distribution is irregular, showing considerable fluctuations ranging from 4% to 51%.
Two samples from Unit I, the uppermost cored interval (156-948C-1H-01, 0.36 mbsf and 156-948C-1H−02, 2.83 mbsf), correspond to silty clay (<58% of clay) containing major proportions of (biogenic) sands (15%−20%). These sediments are characterized by a high carbonate content (24%) and the abundance of biogenic components (90%). This depth interval and these results have not been included in the inversion model.
Clay Mineralogy
Clay is the most abundant textural component identified in the samples throughout the section (Table 1) . Mineralogy analyses on the clay-size fraction of the samples yield the relative content (%) of the four clay minerals that have been identified: smectite, illite, kaolinite and chlorite.
The smectite content ranges from 38% to 72%, the average value for Unit II being 53%. Maximum values correspond to clay sediment Kaolinite values range from 13% to 41% within Unit II. The highest values correspond to the base of Unit II (34%−41%). Kaolinite content ranges from 17% to 54% within Unit III.
High kaolinite content (~40%) corresponds to moderate CaCo 3 content (4.7%, 4.9%) within Unit II, but high CaCO 3 (>30%) locally within Unit III.
Chlorite content ranges from 6% to 20% within Unit II. Vertical distribution is regular and the average value is 14%. Within Unit III values are relatively higher; the average value is 18% and the distribution is even more variable.
Correlation of Sediment Composition with Log Response
A qualitative analysis of the some of the log curves displayed in Figure 3 reveals the main geological features of the décollement zone. Moderate variations in gamma-ray values, and locally in density and photoelectric factor values, correlate with slight changes in sediment composition within Unit II. These were the basis for identifying six lithostratigraphic subunits that are recognizable on the LWD data ( Fig.3 ; Shipley, Ogawa, Blum, et al., 1995) . The most striking change in all log values occurs at 513 mbsf and corresponds to the boundary between Unit II and Unit III, the boundary between the accretionary prism sediments and the underthrust sediments. Another sharp break in compositional changes can be located at about 520 mbsf, where a Th/K spike is remarkable. A deflection in the log values within Unit III at 525 mbsf, recognizable in the SGR, RHOB, TNPH, PEF, and Th/K logs corresponds to the boundary between Subunit IIIA and Subunit IIIB. Subunit IIIA is dominated by variegated claystones and Subunit IIIB by calcareous turbidites, silty terrigenous turbidites and hemipelagic claystones. Composition and textural changes recognized within Subunit IIIB have a good correspondence with changing log values and a "spiky" shape recognizable on natural-gamma ray neutron and photoelectric factor logs (Fig.  3) . Carbonate-rich intervals result in higher density values and lower natural radioactivity (low K content) than the sediments within which the interbeddings occur. The vertical resolution obtained with the CDN tool for density log (15−5 cm) is within the range required for the identification of these levels within Subunit IIIB.
In addition to these main features, more subtle compositional trends that could be recorded by the LWD measurements have been analyzed by combining the log data and the results obtained from sample analyses.
The results of sample analyses from the décollement zone were quantitatively compared with log measurements by means of a correlation matrix (Table 1) . Even considering the scattering of the samples and an unavoidable possible depth misfit between the samples and the log measurements, this analysis is useful to constrain how sensitive the different log measurements are to the corresponding compositional changes and also to choose appropriate logs for the inversion.
The correlation coefficients calculated show interesting features (Table 2 ). SGR displays a better correlation than CGR (computed natural radioactivity without uranium spectra) to all the mineral components. This feature is surprising in the case of the correlation between the gamma ray logs (SGR or CGR) and the clay minerals (except for chlorite) and suggests that the different clay minerals are characterized by different uranium contents. Although CGR is generally preferred for clay typing, we selected SGR for inclusion in the inversion model because of its observed correlation in this setting. Positive correlations were also observed between RHOB and SGR (also CGR) and between RHOB and PEF.
Correlations between mineral components include a positive correlation between carbonate and silt (0.66) and negative correlations between carbonate and total clay (−0.67) and smectite (−0.53). For clay minerals, smectite shows a negative correlation with kaolinite (−0.87) and chlorite (−0.75).
MINERALOGY INVERSION FROM LOG DATA
On the basis of the results of shipboard and shore-based core sample analyses, the main mineral components represented in the décol-lement zone are well constrained. Smectite, illite, chlorite, kaolinite, carbonate, quartz, and plagioclase are the main components of the sediments at Site 948 between 420.8 and 592.7 mbsf (Units II and III).
Textural analyses indicate that the clay fraction is the main textural component (>70%). Carbonate content is on average far below 10% for most of the section (Fisher and Underwood, 1995; Shipley, Ogawa, Blum, et al., 1995, p. 108 ; Table 1, this paper). Carbonaterich samples (>20%) correspond to Subunits IA, IIA, IIB, and IIIB. The most carbonate-rich interval corresponds to the upper Oligocene calcareous turbidites within Subunit IIIB correspond. Quartz and plagioclase are also represented, although plagioclase content is very low within Unit III (Shipley, Ogawa, Blum, et al., 1995, p. 108) .
The limited set of logs available and the number of mineral components, and thus of unknowns to be modeled in the inversion of log data, yields an underdetermined system. The importance of the different mineral components was evaluated in order to simplify the problem and reduce the number of unknowns. The clay types identified in sample analyses produce radically different log responses. The log response can vary strongly depending on Fe-Mg-Al, Ca-Na, and K contents of the clays, and these can vary for a same clay type. The amount of compositional water in clays also has a crucial influence on log values. Standard log density (RHOB) values for the clay minerals considered (Tables 1, 2) can range from 2.12 to 2.77 g/cm 3 and photoelectric effect (PEF) from 1.83 to 6.30. Thus, the variability of log values between chlorite and smectite is greater than, for example, between smectite and calcite, or quartz and plagioclase. Natural radioactivity properties and Th, K and U contents are also different Note: SGR = natural radioactivity, CGR = computed natural radioactivity, Th/K = natural spectral thorium/uranium ratio, RHOB = density, PEF = photoelectric factor, TNPH = neutron porosity. Figure 3 . Site 948 décollement zone, between 420.8 and 580 mbsf. Mineralogy-porosity inversion performed on Hole 948A LWD data: quartz and plagioclase (Q/Pl), smectite (SMEC), illite (ILLI), kaolinite (KAOL), chlorite (CHLO), and porosity (POR). Computed percentages of mineral components and porosity were obtained applying Table 3 coefficients. To the right of the mineralogy inversion results are the logging data on which the mineralogy-porosity inversion was performed: density (RHOB), natural radioactivity (SGR), natural spectral thorium-uranium ratio (Th/K), neutron porosity (TNPH), and photoelectric factor (PEF) logs, and the rate of penetration (ROPE) log for quality control of LWD data.
for these clay types; radioactivity values can vary significantly even for a same clay type (Schlumberger, 1982; Serra, 1986) . Because of this variability the different clay minerals have been included as different components in the model. Quartz and plagioclase produce relatively similar log responses and are therefore combined in a single component (Q + plag). Carbonate content is generally low throughout the décollement zone although it is locally high (>20%) within Subunit IIIB (carbonate-rich turbidites, Table 1 ). Being the least abundant component and given the limitation of a reduced set of LWD measurements (equations), it has been excluded from the inversion model and consequently the system is determined (6 unknowns, 5 logs, 6 equations).
The bulk spectral gamma ray (SGR), Th/K ratio log obtained from the spectral Th (ppm) and K (%) logs, density (RHOB), photoelectric factor (PEF), and neutron porosity (TNPH) were used in the calculations once resistivity measurements were discarded because of the complex response of resistivity measurements to porosity, fluids, and cation exchange capacity (CEC) that is subject to study at present (Henry, Chapter 10, this volume). However, deep resistivity measurements (ATR) show good correlations with clay mineralogies
The interest in the use of the spectral data is obvious, since natural gamma-ray spectral data are commonly used for clay-typing. The Th/K ratio is a function of the mineralogical composition of shales (Schlumberger, 1982) . Thorium content reflects the aluminum content of the clay. Of the clay minerals identified, only illite contains K.
The coefficients used to perform the inversion are shown in Table  3 and correspond to standard log values that can be found in Serra (1986) for density (RHOB), photoelectric effect (PEF), bulk natural radioactivity (SGR), and neutron porosity (TNPH), and in the ranges given in Schlumberger (1982 Schlumberger ( , 1985 for the Th/K value. For the Q + plagioclase component an averaged (quartz-plagioclase) standard log value has been used. RHOB and TNPH values for porosity correspond to low salinity and freshwater respectively.
The goodness of the inversion model is evaluated in relationship to the mineral composition obtained from the core samples, as judged from a graphical comparison (Fig. 4) and also by comparison be- Figure 4 . Core-log mineralogy integration for Site 948 décollement zone: correlation between core-derived and log-derived clay mineralogies. The first set of traces contains the LWD logs. In the following columns the percentage of smectite, illite, and kaolinite + chlorite to total clay are represented. The shading corresponds in each case to log-modeled values. Open squares correspond to Table 1 sample analysis values; crosses correspond to values obtained by Underwood and Deng (Chapter 1, this volume) for the clay size fraction <1 µm.
tween the average values obtained from sample analysis and from the inversion of the log data (Table 4) .
Even though the inversion model reproduces the trends and relative abundances of the components considered, some sources or error are known beforehand. Most of these problems are related specifically to log acquisition during Leg 156 and could be reduced in future LWD acquisition. Logging speeds were far above those recommended for natural gamma ray spectral data acquisition and this affects the accuracy of the measurements.
Some of the logs used show strong correlation (Table 2 ). More independent log measurements would be desirable. For example, PEF measurement is strongly correlated (.8941) with RHOB and probably does not add significant independent information to better discriminate between mineralogical components.
The results of bulk mineralogy-porosity inversion are displayed in Figure 3 . In Figure 4 , the results obtained for the different clays content are compared with Hole 948C (420.8−592.72 mbsf) core sample analysis results from Table 1 , and from Underwood and Deng (Chapter 1, this volume). In order to compare with core sample analysis results on clay mineralogy, the scores obtained from the bulk mineralogy-porosity calculation were converted to percentage of total clay. Kaolinite + chlorite, calculated separately, are plotted together as KAOL + CHLO in Figure 4 .
DISCUSSION OF THE INVERSION MODEL
The results obtained (Figs. 3, 4) indicate a good agreement between sample analysis results and results obtained from mineralogy modeling from a limited set of log data.
The core sample analysis results of Underwood and Deng (Chapter 1, this volume) and those from Table 1 are taken as the "true" reference to which the model is compared (Fig. 4; Table 4 ). We recognize that there may be inaccuracies as a result of both limitations of sample analysis methods and discrepancies between core-measured and log-measured depths.
The solution obtained from the inversion of log data is not perfect (Fig. 4; Table 4 ), but it yields a good approximation to the measured core sample mineralogy when using standard log values, log values within the standard ranges (Schlumberger 1985; Serra 1986) or averaged standard log values (Q + plagioclase) for the minerals considered in the system (Table 2) . Different choices for the matrix coefficients, within the standard values ranges, would yield slightly different mineral-porosity proportions. Our results are a first attempt but this methodology needs further testing and refinement that will be gained with the study of other cases in the future.
Some uncertainty arises also regarding the accuracy of the LWD measurements that might have been affected by fast logging speeds. The magnitude of this effect for the different logs will be better constrained by the acquisition of new LWD data. Nevertheless, the results obtained suggest that most log measurements were not dramatically affected.
On the basis of the procedure followed in the inversion, a major cause for inaccuracy beforehand could be the presence of minerals not accounted for in the system. Carbonate is the most important of these according to sample analyses (Tables 1, 4 ), but others that were also identified shipboard (e.g., phillipsite, rich in K and H 2 O) could attain significant concentrations locally. The "Q + plagioclase" component is assigned a single averaged value for the whole interval within the model, although it is known from shipboard analyses that plagioclase content is very low within Unit III.
The Q + plagioclase log-calculated average value (20%) is slightly lower than that obtained from shipboard analyses (Fisher and Underwood, 1995; Shipley, Ogawa, Blum, et al., 1995, p. 111) , but the major increases and decreases with depth that can be observed in Figure 3 are in good agreement.
The density coefficient used for Q + plagioclase density is that of quartz. If anorthite (log density = 2.76 g/cm 3 ) were the main constituent of plagioclase, then the density coefficient used in the inversion would be too low. For albite, the log density value is very close to that of quartz and no error should be expected.
In general, for clay mineralogies there is a good agreement (Fig.  4) between log calculated values (shading) and sample analysis results (crosses and triangles). Table 4 shows the averaged values obtained in each case. The model gives a good approach to smectite and illite contents. The approach also works well for kaolinite + chlorite but a considerable deviation is observed if those minerals are considered separately. Probably the inversion fails to differentiate the two minerals. There is a good correlation between the interval where greater differences exist (Subunit IIIB) and the occurrence of high CaCO 3 in core samples, suggesting that because the carbonate content is not accounted for in the model, the calculations are affected.
The porosity values calculated (31.7% average value for the interval 420 to 570.5 mbsf) are lower than those obtained from shipboard core samples (56.5% average value; Shipley, Ogawa, Blum, et al., 1995) but these may include compositional water as well as interstitial porosity. Recent studies by Henry (Chapter 10, this volume) also suggest that the physical properties porosities could be overestimated. Our calculated values compare fairly well with the "bulk water content" (30.3%) obtained shipboard .
CONCLUSIONS
LWD data can be used to model mineralogical composition and porosity. The mineralogy model obtained from the inversion of Site 948 LWD data, which is well constrained by sample analyses, confirms that logging data can give a good approximation of relative mineral content.
The interpretation of Site 948 LWD data and the results obtained from the inversion of log data reveal that LWD can be a valuable tool for the interpretation of uncored sections applying the inversion methodology tested here.
The best log-mineralogy inversion results are obtained for total clay, smectite and illite. The values obtained for porosity are reasonable considering that the "compositional water" of water-rich clay minerals would not be included in the porosity calculated by the inversion model.
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